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Keratinolytic Protease EK3 and Xanthomonas maltophilia EK3 

BACKGROU ND OF THE INVENTION 

Field of the Invention 
The present invention relates to a protease having keratinolytic 
activity under low temperatures and alkaline conditions, its use and 
microorganisms which produce the protease. 

Background Art 

Keratinases have conventionally been known to be proteases that 
degrade insoluble proteins such as keratins. However, all keratinases are 
also highly active in degrading water soluble proteins such as caseins; and, 
insofar as the present inventor know, there has been no report on proteases 
which act specifically on keratins. 

On the other hand, psychrophilic bacteria have long been known, and 
their presence in low temperature environments has been widely 
recognized. They are found in soil, fish and shell fish, and dairy products, 
as well as in environments artificially controlled at low temperatures. 
Research on psychrophilic bacteria has progressed in the field of food 
microbiology; however, it has been based on their phylogeny and is not 
related to their biological features or functions. 

Enzymes obtained from psychrophilic bacteria are expected to be low 
temperature enzymes, which are most active at cold temperatures. Such 
low temperature enzymes are expected to be useful as an additive in 
laundry detergents which would clean effectively in a cold water. Another 
expected use is in the food industry to improve the quality of food products 
which are difficult to process at high temperatures. Furthermore, the study 
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of enzymes derived from psychrophilic bacteria wilf be significant in order to 
elucidate the physiological functions of psychrophilic bacteria and their 
mechanism to adapt under low temperatures and alkaline conditions. 

SU MMARY OF THE INVENT ION 
Recently, the present inventor isolated and purified a protease having 
a keratinolytic activity from the culture supernatant of Xanthomonas 
maltophilia EK3 and found that this protease has enzyme activity under low 
temperatures and alkaline conditions. The present invention is based on 
this finding. 

Accordingly, it is an object of the present invention to provide a 
protease having keratinolytic activity. 

It is another object of the present invention to provide a 
microorganism to produce the protease. 

It is a further object of the present invention to provide a method for 
the production of the protease using the microorganism. 

The protease having the keratinolytic activity according to the present 
invention is characterized to have the following physicochemical properties: 

(a) Action and substrate specificity: Degrades caseins and 
keratins derived from human and animal hair. The keratinolytic 
activity is higher than the casein degrading activity. 

(b) Optimum pH: Exhibits maximum activity under alkaline 
conditions of pH 10.0, and approximately 60% of the maximum 
activity under the near neutral conditions (pH7). 

(c) pH stability: 100% of the activity is retained at pH 10.0 and 
about 70% is retained at pH 6-9 when maintained at 30°C for 1 
hour. 

(d) Optimum temperature: 50°C at pH 10.5. 

(e) Temperature stability: When maintained at pH 10.5 for 1 hour, 
almost no activity was lost at 1 0°C and about 40% of activity was 
lost at 30°C. At temperatures higher than 50°C, activity was lost 
rapidly with more than 60% lost in 1 hour. 
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(f) Molecular weight: about 30 kDa as determined by gel 
chromatography. 

A method for the production of the protease having the keratinolytic 
activity according to the present invention comprises culturing the 
microorganism that produces this protease and obtaining this protease from 
the culture medium. 

Furthermore, the microorganism according to the present invention is 
Xanthomonas maltophilia EK3, which produces the protease having the 
keratinolytic activity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the results of gel filtration chromatography carried out 
in Example 2. 

Figure 2 shows the effect of pH on the activity of the enzyme 
according to the present invention. OiMES, 0:MOPS, OiTAPS, A:CHES, • 
:CAPS. 

Figure 3 shows the pH stability of the enzyme according to the 
present invention. ^Sodium citrate(pH5-7), 0:Tris-HCI(pH7-9), 0:Glycine- 
NaOH(pH9-11). 

Figure 4 shows the effect of temperature on the activity of the 
enzyme according to the present invention. 

Figure 5 shows the temperature stability of the enzyme according to 
the present invention. :10°C, 0:20°C, O:30°C, A:50°C and •:60°C. 

Figure 6 shows the growth of Xanthomonas maltophilia EK3 and the 
activity of the produced protease, at different culture temperatures. 

DETAILED DESCRIPTION OF THE INVENTION 

Microorganisms 

The protease having the keratinolytic activity according to the present 
invention can be produced using microorganisms. Any microorganism 
which belongs to genus Xanthomonas and produces the protease having 
the properties can be used for the production of the enzyme. 
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A preferable embodiment of a microorganism capable of producing 
the protease according to the present invention is Xanthomonas maltophilia 
EK3. This strain is a microorganism isolated by the present inventor from 
soil in an elephant house at a zoo, and is deposited with the accession 
number of FERM BP-5806 at the National Institute of Bioscience and 
Human-Technology of Industrial Science & Technology dated January 31, 
1997. 

The Xanthomonas maltophilia EK3 according to the present invention 
has the following microbiological properties: 

(1) Morphological properties: The strain has mobility, and a 
spherical or spheroidal shape. 

(2) Features on medium: The strain grows on an agar medium 
and a liquid medium, and shows white color. 

(3) Optimum growth conditions: The strain grows at a temperature 
between 10°C and 30°C, and grows well at 20°C. 

(4) Extracellularly secreted proteases: Proteases are secreted 
extracellularly from cells grown either at 20°C or 30°C. 

(5) Aerobiosis/anaerobiosis: The stain is considered to be 
facultatively anaerobic as judged from biochemical tests. 

(6) Gram stain: The strain is recognized to be a gram-negative 
bacteria according to Gram stain. 

(7) Biochemical features: Primary biochemical features of 
Xanthomonas maltophilia EK3 are shown in Table 1 . 



Table 1 

Test item? Results 

Oxidase test 

Oxidation-fermentation test 
Nitrate 
Tryptophane 
Glucose(covered with oil) 
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Arginine Dihydrolase(covered with oil) 
Urease(covered with oil) 

Esculine + 
Gelatine + 
p-Nitro-Phenyl-P-D-Garactopyranoside + 

Glucose + 
Arabinose 

Man nose + 
Mannitol 

N-Acetyl-Glucosamine 
Maltose + 
Gluconate 
Caprate 
Adipate 

Malate + 
Citrate + 
Phenyl-Acetate z_ 



+ 



The isolated bacteria are identified to be a strain of Xanthomonas 
maltophilia (99.9%) as judged from the properties given above. The result 
were given by the use of Profile Index (API 20NE, NIHON Bio Merieux 
Biotech Co., Ltd.) 
Culture of microorganisms 

Bacterial cells of the strain to be used in the present invention may be 
cultured using either a liquid medium or solid medium. Generally, a culture 
with shaking or culture with stirring and aeration in a liquid medium is used. 

The medium for culturing the microorganism may be any medium in 
which the cells can grow and produce the protease. Thus, usable carbon 
sources are, for example, glucose, trehalose, fructose, maltose, sucrose, 
starch, and malto-oligosaccharides. Usable nitrogen sources are, for 
example, peptone, yeast extract, malt extract, meat extract, soybean 
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powder, cotton seed powder, corn steep liquor, various amino acids and 
salts thereof, and nitrates. A synthetic medium or natural medium, which 
additionally contains an appropriate amount of minerals and inorganic salts, 
such as magnesium phosphate, calcium, sodium, potassium, iron and 
manganese and, if necessary, other nutrients, can be used. 

Culture conditions such as pH of a medium and incubation 
temperature can be appropriately changed within a range in which the 
protease can be produced. However, when a culture with shaking or culture 
with stirring and aeration in a liquid medium is used, culturing at pH 10 and 
at 20°C is appropriate. 

The protease usable in the present invention is present in the culture 
medium, on the cell wall and also inside the cell. Further, this protease can 
be used either in the form of crude enzyme secreted intracellularly or 
extracellularly, or extracted and purified enzyme, or directly as the cell form. 
Alternatively, these enzymes can be used in an immobilized form on a 
carrier. 

Extraction and purification of enzyme 

Extraction and purification of the protease of the present invention 
from the fluid cell culture can be carried out using known purification 
procedures alone or in combination. 

The protease of the present invention is primarily secreted 
extracellularly, i.e., into the culture medium; therefore the crude enzyme 
fraction can be easily obtained by removing cells, for example, by filtration or 
centrifugation. Examples of preferable purification methods include salting 
out method using ammonium sulfate or the like, precipitation method using 
organic solvents (e.g., methanol, ethanol and acetone), absorption method 
using raw starch, ultra filtration, gel filtration chromatography, ion exchange 
chromatography and various kinds of chromatography. Embodiments of 
preferable purification methods will be illustrated in Examples hereinafter. 

Properties of enzyme 



Printed from Mimosa 04/01/21 09:57:39 Page: 8 



WO 98/40473 PCT/IB98/00318 

7 

The protease according to the present invention has the following 
properties: 

(a) Action and substrate specificity: The protease degrades 
caseins and keratins derived from human and animal hair in 
particular. The keratinolytic activity is higher than the casein 
degrading activity. In other words, the protease of this invention is 
specific to keratins. 

(b) Optimum pH: The protease exhibits the maximum activity 
under alkaline conditions of pH 9.5-10.5, approximately 60% of 
the activity obtained even at near neutral (pH 7) conditions. The 
optimum pH is 10.0. 

(c) pH stability: When maintained at 30°C for 1 hour, 100% of the 
activity is retained at pH 10 and about 70% is retained at pH 6-9. 

(d) Optimum temperature: Optimum temperature is 50°C at pH 
10.5. About 40% of the maximum activity is retained at 40°C and 
about 30% of the maximum activity is retained at 20°C and 30°C. 

(e) Temperature stability: When maintained at pH 10.5 for 1 hour, 
almost no activity was lost at 10°C and about 40% of activity was 
lost at 30°C. At temperatures higher than 50 °C, activity was lost 
rapidly with more than 60% lost in 1 hour. 

(f) Molecular weight: The protease has a molecular weight of 
about 30 kDa as determined by gel chromatography. 

Utilization Qf enzyme 

The protease according to the present invention has a keratinolytic 
activity under low temperature and alkaline conditions. Accordingly, 
degradation of keratins, which are insoluble proteins, can be carried out at 
low temperatures. For example, the addition of the protease to a laundry 
detergent will provide a detergent which can degrade insoluble keratins. 
This detergent composition can be formulated according to a conventional 
method, except that the protease of the present invention is added. That is, 
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it can be produced in combination with customary detergent compositions 
such as surfactants for cleaning purpose, 
bleaching agents and builders. 

EXAMPLES 

The present invention will be explained in detail by the following 
examples; however, the invention is not intended to be limited to these 
examples. 

Quantitative determinations of proteins hereinafter were carried out 
by a pigment binding method using BioRad Protein Assay (BioRad) unless 
otherwise mentioned. Further, detection of proteins in chromatography was 
carried out by measuring absorption at a wave length of ultraviolet range, 
i.e., at 280 nm. 

Protease activity was measured according to the following method: 

(a) Phenol reagent method 

A sample enzyme solution (0.2 ml) was added to 0.3 ml of 50 
mM glycine-NaOH buffer (pH 10.5) containing a 1% (w/v) 
substrate (e.g., keratins) solution and the mixture was maintained 
at 30°C for 60 minutes. Then, the enzyme reaction was stopped 
by adding 1 ml of a trichloroacetic acid solution (0.11 M 
trichloroacetic acid, 0.22 M sodium acetate and 0.33 M acetic 
acid). After being allowed to stand at room temperature for 30 
minutes, the reaction mixture was centrifuged (at 10,000 rpm, at 
room temperature for 10 minutes), 0.5 ml of a 2% sodium 
carbonate solution (0.001% copper sulfate) was added to 50 \i\ of 
the resultant supernatant and the mixture was allowed to stand for 
30 minutes. To this, 50 \i\ of a phenol reagent solution was added 
after diluting in two times with distilled water. After being allowed 
to stand at room temperature for 1 hour, the mixture was 
subjected to the measurement of absorption at 660 nm. 

(b) Decomposition activity of protein with azocasein 
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0.05 ml of a sample enzyme solution was added to 0.3 ml of a 

500 mM glycine-sodium hydroxide buffer solution (pH 10.5) 

containing 1% (W/V) azocasein, and the mixture was then kept at 

20°C for 30 minutes. Afterward, the reaction was terminated with 

1 ml of a 6% trichloroacetic acid solution, and the solution was 

allowed to stand at room temperature for about 30 minutes and 

then centrifuged (15,000 rpm, room temperature, 10 minutes). 

Next, the absorbency of the resultant supernatant liquid at 340 nm 

was measured by the use of a 

spectrophotometer. 

Fyample 1: Screening of novel microorganisms 

The isolation of novel microorganisms was carried out on an agar 

plate culture medium. 0.1 g of a soil sampled at a elephant house in 

ISHIKAWA Prefectural Zoo was suspended in a physiological saline, and 

2 

the supernatant was used as a stock solution. Furthermore, a 10 dilute 
solution of this stock solution was prepared therefrom. The stock solution 
and the 10 2 dilute solution were each sprayed on an agar plate culture 
medium for screening (25 g/liter of keratin, 1.0 g/liter of K2HSO4, 0.1 g/liter 
of NH4NO3, 0.1 g/liter of MgS04, 0.1 g/liter of NaCI, 0.1 g/liter of CaCl2, 0.1 
g/liter of FeCl2, 0.1g/liter of EDTA and 15 g/liter of agar), and then cultured 
at 5, 10, and 20°C for 7 days. Among colonies which had grown on the agar 
medium, well grown colonies were selected, subcultured, and then 
inoculated into a retention culture medium. 

It was confirmed on the agar medium that a protease was released 
from the bacteria. The isolated microorganisms were inoculated into the 
above-mentioned agar medium for screening, and then cultured at 20°C for 
72 hours. Afterward, a 10% trichloroacetic acid solution was sprayed on the 
replica plate containing casein(1%) instead of keratin on which the bacteria 
grew. From the presence of transparent plaques around the colonies, it was 
confirmed that the protease was released from the bacteria. 
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In order to stabilize the growth activity of the bacteria, a bacterial 
strain was inoculated into 150 ml of the culture medium (each 25 ml of the 
medium was poured into six 100-ml Erlenmeyer flasks), and rotary shaking 
culture was then carried out at 20°C for 72 hours at 140 rpm by the use of a 
triple shaker NR-80 (Tietec Co., Ltd.). As a main culture, 150 ml of the pre- 
culture medium was inoculated into 3 liters of the culture medium, and rotary 
culture was then done at 10 °C for 96 hours at 140 rpm by the use of a 
laboratory fermenter LS-5 (Oriental Yeast Co., Ltd.). 



ComDOSition of culture medium 


Keratin 


2.5%(W/V) 


K2HPO4 


0.01% 


NH4NO3 


0.01% 


MgS04 


0.01% 


NaCI 


0.01% 


CaCl2 


0.01% 


FeCl2 


0.01% 


EDTA 


0.01% 


(pH 10.5) 





The culture medium and the like were sterilized with high-pressure 
vapor for 15 minutes under 1.2 kgf/cm 2 G (121 °C) by an autoclave. 
Example 2: Purification of enzyme 

All the operations of protease purification were carried out at 4°C. 
(a) Ion exchange chromatography 

The culture medium obtained in Example 1 was centrifuged 
(8,000Xg, 4°C, 15 minutes) for separation of the bacteria and a 
crude enzyme. This crude enzyme solution was subjected to ion 
exchange chromatography to purify the same. As a column, there 
was used an INdEX 100 column (Pharmacia Biotec Co., Ltd.) filled 
with 2 liters of a DEAE Sephalose Fast Flow anion exchanger 
(Pharmacia Biotec Co., Ltd.). Into the above-mentioned column, a 
20 mM tris-HCI buffer solution (pH 9.0) was introduced at a linear 
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velocity of 150 cm/hr in an amount five times (10 liters) or more as 
much as a gel volume to equilibrate the column. 

The crude enzyme solution was introduced into the column at 
a linear velocity of 100 cm/hr. Elution was carried out at a linear 
velocity of 100 cm/hr by the use of 3 liters of each of 20 mM tris- 
HCI buffer solutions (pH 9.0) containing 0.2 M, 0.4 M and 0.6 M 
NaCI, respectively, and only portions in which a protein was 
detected by a UV meter were fractionated. 

(b) Salting out with ammonium sulfate 

Ammonium sulfate was added to the thus obtained fraction 
under ice cooling so that the fraction might be saturated as much 
as 80% with ammonium sulfate. After the solution was slowly 
stirred at 4°C overnight in a cold chamber, centrifugation (18,000 
g, 4°C, 30 minutes) was carried out to precipitate an enzyme, 
thereby obtaining a saturated fraction. The amount of ammonium 
sulfate to be added was an amount necessary to achieve a 
saturated concentration at 25°C. 

(c) Gel filtration 

Gel filtration was carried out through a HiLoad 16/60 Superdex 
200 prep grade column (Pharmacia Biotec Co., Ltd.). As a device, 
there was used HiLoad System 50 (Pharmacia Biotec Co., Ltd.). A 
tris-HCI buffer solution (pH 9.0) was caused to flow through the 
HiLoad 16/60 Superdex 200 prep grade column at a linear velocity 
of about 60 cm/hr to equilibrate the column, the amount of the tris- 
hydrochloric acid buffer solution being three times or more (400 
ml) as much as the gel volume. Afterward, 5 ml of the sample 
enzyme solution which had been subjected to the salting out with 
ammonium sulfate was introduced into the column by the use of a 
Superloop. Then, elution was carried out at a linear velocity of 60 
cm/hr by the use of the tris-HCI buffer solution (pH 9.0) as an 
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eluent to collect fractions every 5 ml. The molecular weight 
determined by gel filtration chromatography is shown in Fig. 1. 
Example 3: Effect of pH on enzyme reaction 

Degrading reaction of azocasein (1%) was carried out at various pH 
ranges and at 30°C for 1 hour using the enzyme purified in Example 2. 
Compositions of buffer solutions used for the reaction were 100 mM each of 
MES (2-morpholinoethanesulfonic acid hydrate) buffer (pH 5.5-6.5), MOPS 
(3-morpholinopropanesulfonic acid) buffer (pH 6.5-8.0), TAPS (N- 
tris(hydroxymethyl)methyl-3-aminopropanesulfonic acid) buffer (pH 8.0-9.0), 
CHES (N-cyclohexyl-2-aminoethanesulfonic acid) buffer (pH 9.0-10.0), 
CAPS (N-cyclohexyl-3-aminopropanesulfonic acid) buffer (pH 10.0-11.0), 
and glycine-NaCI-NaOH buffer (pH 11.0-13.0). Results are shown in Figure 
2. 

The optimum pH was revealed to be between 9.5 and 10.5. Further, 
approximately 50% of activity was found at 7.0. Accordingly, the enzyme of 
the present invention can act at a considerably wider pH range optimum at 
alkaline pH. 

Example 4: pH Stability of enzyme 

The enzyme purified in Example 2 was maintained in buffer solutions, 
i.e., 20 mM each of sodium citrate buffers (pH 5-7), tris-HCI buffer solutions 
(pH 7-9) and glycine-NaOH (pH 9-11), at 30°C for 1 hour, after which 
remaining protease activity against azocasein (1%) was measured. 

Results are shown in Figure 3. 

When maintained at 30°C for 1 hour, the activity of the enzyme 
according to the present invention was retained by almost 100% at pH 10, 
approximately 70% at pH 6-9 and 11. The remaining activity (%) was 
expressed referring the activity retained at pH 10 at 30 °C as 100%. 
Example 5: Effect of temperatur e on enzyme reaction 

Azocasein (1%) degrading reaction was carried out using the enzyme 
purified in Example 2 in a 50 mM glycine-NaOH buffer solution (pH 10.5) at 
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various temperatures for 1 hour. The reaction temperatures ranged from 10 
°C to 70°C. Results are shown in Figure 4. 

Optimum temperature for the reaction of the enzyme according to the 
present invention was 50°C at pH 10.5. The activity obtained was more 
than 30% at 30°C and about 40% at 40 °C, referring the activity obtained at 
50°C as 100%. 

pyampie 6: Temperature stability of enzvme 

The enzyme purified in Example 2 was maintained at various 
temperatures between 10°C and 60°C for 1 hour. The change of the 
resulting activity against azocasein (1%) with the lapse of time is shown in 
Figures. In the Figure, :10°C, 0: 20°C f O:30°C, A:50°C and •:60°C. 

When the enzyme of the present invention was maintained at pH 10.5 
(glycine-NaOH) for 1 hour, activity loss was not observed at 10°C. On the 
other hand, about 40% of the activity was lost at 30°C. At 60°C, the activity 
was lost rapidly with time and the loss was more than 60% after being 
maintained for 20 min. 
Example 7: Substrate specificity of protease 

Casein, hemoglobin, and albumin were used as water soluble 
substrate proteins. Keratins (derived from human and animal hair), 
collagen, and elastin were used as water insoluble or slightly water soluble 
substrate proteins. Activity to degrade these substrate proteins was 
determined using the phenol reagent. 

Results are shown in Table 2. 

Table 2 Substrate Specificity of Protease EK3 



Substrate Relive activity 

Casein* 1 100 
Keratin (derived from human hair)* 2 190 
Keratin (derived from animal hair)* 3 275 
Hemoglobin 87 
Albumin 52 
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Collagen 30 
Elastin 29 

Note 

*1: Purified according to the method described by Mr. Hammarsten. 
*2: A product of Wako Pure Chemicals, code # K0001 
*3: A product of Nakarai-Kagaku, code # 198-44 

Reaction temperature: 30°C; reaction pH 10.5; reaction time: 60 
minutes. All of the substrate concentrations were 1%. 

The enzyme according to the invention specifically degrades keratins. 
In particular, the activity on keratin derived from animal hair was 2.75 times 
higher than that on casein. 
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What is claimed is: 

1. A protease which is characterized to have the following 
physicochemical properties: 

(a) Action and substrate specificity: degrading caseins and 
keratins derived from human and animal hair, keratinolytic activity 
being higher than the casein degrading activity; 

(b) Optimum pH: exhibiting the maximum activity under alkaline 
conditions of pH 10.0 and approximately 60% of the maximum 
activity at the neural pH range (pH7); 

(c) pH stability: retaining activity substantially by 100% at pH 10 
and by about 70% at pH 6-9, when maintained at 30°C for 1 hour. 

2. The protease according to Claim 1 where in the enzyme have 
further physicochemical properties: 

(d) Optimum temperature: having an optimum temperature of 
50°C atpH 10.5, and 

(e) Temperature stability: being stable at 10°C without any loss of 
activity when maintained at pH 10.5 for 1 hour, being inactivated 
as much as about 40% at 30°C, and being inactivated rapidly at 
temperatures higher than 50°C with more than 60% lost in 1 hour. 

3. The protease according to Claim 1 having a molecular weight 
of about 30 kDa determined by gel filtration chromatography. 

4. A Microorganism belonging to genus Xanthomonas which 
produce the protease according to Claim 1 , 2 or 3. 

5. A microorganism according to Claim 4 which can grow well at 
temperatures between 10°C and 30°C. 
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6. The microorganisms according to Claim 4 which is 
Xanthomonas maltophilia EK3. 

7. A microorganism deposited under the accession number FERM BP- 
5806. 

8. A method for preparing the protease according to Claim 1 , 2 or 3, 
which comprises culturing the microorganism according to one of Claims 4-7 
and obtaining the protease according to Claim 1 , 2 or 3 from the culture 
medium. 

9. A protease produced by the microorganism according to 
anyone of Claims 4-7 having the following physicochemical 
properties: 

(a) Action and substrate specificity: degrading caseins and 
keratins derived from human and animal hair, keratinolytic activity 
being higher than the casein degrading activity; 

(b) Optimum pH: exhibiting the maximum activity under alkaline 
conditions of pH 10.0 and approximately 60% of the maximum 
activity at the neutral pH range (pH7); 

(c) pH stability: retaining activity substantially by 100% at pH 10 
and by about 70% at pH 6-9, when maintained at 30°C for 1 hour. 
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